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SUMMARY  PAGE 


THE  PROBLEM 


Th©  lack  of  a  stands  i  dir.od  procedure  fop  fitting  flight  helmet©  often 
s*ocultP  in  a  poor  compromise  that  sacrifices  noise  exclusion  for  comfcrt. 

FINDINGS 

A  procedure  thee  involves  use  of  a  noise  inure©  and  an  automatic 
recording  audiometer  has  b®@n  developed  as  an  aid  in  the  fitting  process* 
The  noiso  source  allows  the  aviator  to  detect  acoustical  leakage  around 
his  ears  so  that  a  belt©?  fit  can  be  effected.  Mashed  hearing  threshold 
levels  obtained  with  th©  helmet's  earphones  can  be  used  to  demonstrate 
improved  performance.  Such  a  procedure  would  appear  to  be  feaeibl© 
for  implementation  at  the  squadron  or  air»group  level. 
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INTRODUCTION 


A,  Prior  th<2  development  of  tho  So  nose  Earcup  System  (sound  attenu- 
ftfa”E  ®APCUP0)»  Navy  flight  halmste  wore  regarded  by  peychoacousticltsma 
feD  having  InadoquatQ  neio©  ©occlusion  property  o.  The  oarps.de  w©r©  linlo 
TO©ro  than  roc©ptacl©i  for  holding  th©  earphone©  noar  th©  ©are,  while 
pi oviding  cemo  support  of  th©  helmet  on  th©  head.  Consequently,  in  th© 
po.®t  no  serious  effort  was  mad©  to  adjust  helmets  for  anything  other  then 
a  loose,  comfortable  fit.  Higher  noise  levels,  such  as  those  experienced 
in  A- 7  and  ©V®10  series  aircraft,  accel*  ated  the  development  of  an 
improved  earcup  system.  Large  numbers  of  APH-type  helmets  have 
sine®  been  fitted  with  the  Sonex  Ear  cup  System,  and  the  newer  API!-6C 
helmets  ar©  currently  being  supplied  with  the  ©arcups. 

At  present  the  only  acoustical  test  being  used  in  the  evaluation  of 
helmets  Is  the  real-ear  attenuation  test  (i).  This  laboratory  test  procedure 
requires  sophisticated  psychoacouadeal  instrumentation  and  an  anechoic 
chamber.  Although  helmets  selected  for  Navy  use  on  the  basis  of  the 
reel- ear  attenuation  test  may  possess  exceptionally  good  noise  attenuation 
qualities,  these  qualities  may  not  always  be  realised  when  the  helmet  1® 
worn,  particularly  when  the  helmet  does  not  fit. 

Any  procedure  for  fitting  aviators'  flight  helmets  should  result  in  a 
good  compromise  between  a  snug  fit  for  maximum  noise  exclusion  and  & 
comfortable  fit  that  can  be  tolerated  for  flights  of  long  duration.  Except, 
perhaps,  for  certain  squadrons  in  whieh  extremely  noisy  aircraft  are  used, 
tho  re  is  no  standard  procedure  for  fitting  flight  helmets.  Helmet  fitting, 
if  performed  at  all,  is  typically  dene  in  an  environment  that  is  considerably 
less  noisy  than  that  inside  the  aircraft.  Conversational  speech  and  hand¬ 
claps  are  some  times  used  by  the  a  vie  tor  as  crude  sound  sources  for 
judging  that  there  is  a  noticeable  reduction  in  sound. 

Tho  need  for  fitting  helmets  for  maximal  noise  attenuation  in  a 
simulated  or  real  noise  environment  has  been  cited  in  a  recent  report  by 
Working  Qroup  Si  of  the  National  Research  Council  Committee  on  Hearing, 
Bioacoustics  and  Biomechanics  (2),  ft  would  appear  fessible  to  provides 
a  simulated  noise  environment  and  a  means  of  objectively  ovaluatlng  any 
improvement  in  noise  exclusion  obtained  during  the  fitting  of  a  helmet. 

The  noise  need  not  necessarily  be  a  particular  aircraft  noise  spectrum 
Hut  should  be  a  continuous  broad -band  type  with  sufficient  amplitude  to 
allow  the  aviator  to  detect  "leaks"  around  his  ears  and  to  causs  masking 
of  signals  received  via  the  earphones.  An  objeev'v©  measurement  of  the 
rotative  improvement  in  performance  could  be  obtained  through  use  of 
speeeh  or  ton®  signals.  Speech  would  provide  for  en  svaluation  of 
communications  efficiency,  while  tones  would  provide  information  as  to 
the  degree  to  watch  discrete  frequencies  might  be  masked. 
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Ihe  purposes  of  this  study  wee  to  develop  end  evaluate  on  efficient 
practical  technique  for  optimal  fitting  of  flight  helmets.  Th®  technique 
sought one  that  would  not  require  any  now  equipment  and  could  b® 
implemented  at  the  squadron  or  ai? -group  level. 

PROCEDURE  AND  APPARATUS 

A  recording  of  wide -band  thermal  noise  {-  3  dB/octave  slop©)  was 
prepared  for  us©  on  a  cartridge-type  taps  player  that  normally  provides 
tha  stimulus  material©  for  th©  Naval  Aviators'  Spoeeh  Discrimination 
T@©t  (NASDT)  tJ),  The  output  of  the  tape  player  was  connected  to  an 
S*inch  loudspeaker  (Altec  403A)  located  inside  a  single-men  audiometric 
chamber.  The  tape  playback  level  was  adjusted  to  produce  a  sound 
pressure  level  (SPL)  of  93  dB  at  the  ©are  of  an  individual  subject.  The 
earphone  cord  of  the  subject's  helmet  was  connected  to  the  earphone  jack 
of  a  Tracor  ARJ-4  automatic  recording  audiometer.  Since  helmet  ear¬ 
phones  are  normally  connected  in  series  to  provide  diotic  (identical) 
signals  to  both  tare,  only  a  single  circuit  connection  was  required  from 
the  audiometer.  The  treeing  produced  by  the  audiometer,  therefore, 
was  made  only  on  the  left-ear  portion  of  the  audiogram  card.  No 
calibration  or  matching  of  earphones  was  felt  necessary  since,  for  this 
test,  only  relative  differences  vrers  recorded, 

Subjects  in  the  study  were  student  flight  surgeons  who  were  in  the 
didactic  phase  of  instruction  et  the  Naval  Aerwspace  Medical  Institute. 

Each  men  had  been  issued  an  APH-6C  flight  helmet  with  all  modifications, 
including  the  Sonex  Earrup  System  and  the  dual  visor.  Each  man  was 
©riefed  on  the  purpose  of  ths  tost  and  was  re -acquainted  with  the  B4kd«y 
sudiometrlc  technique;  i.  a. ,  responding  to  the  presence  of  a  tons  by 
pressing  a  button,  and  releasing  the  button  when  the  tone  disappears.  He 
then  donned  his  helmet  and  his  earphonse  were  connected  to  the  audiometer. 
A  tracing  of  the  subject's  hearing  tare  ahold  in  quiet  was  then  obtained, 
using  the  earphones  in  the  helmeti  Next,  the  nolee  was  turned  on  and  a 
tracing  of  the  subject's  masked  threshold  ves  obtained  on  the  same 
audiogram  card,  A  typical  set  of  tracings  is  shown  in  Figure  1. 

The  upper  tracing  on  the  audiogram  card  represents  ths  unmasked 
hearing  threshold.  The  lower  tracing  is  of  ths  masked  hearing  threshold 
levels  obtained  in  tbs  93»dB  noise  fieldo  The  numerical  value  at  each 
frequency  is  determined  by  drawing  a  horiaontel  line  in  the  middle  of  the 
tracing  for  each  frequency  and  reading  the  corresponding  value  along  the 
decibel  ccale.  Based  upon  preliminary  tests,  70  dB  was  adopted  as  a 
criterion  level  for  masked  thresholds  at  500  and  1000  Hs, 
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Sample  tracings  obtained  on  Ha lms t  Performance  Teat. 
Upper  tracing  -  unmasked  hearing  threshold)  lower  tracing  - 
masked  hearing  threshold. 


RESULTS  AND  DISCUSSION 

A  total  of  42  student  flight  surgeons  participated  in  the  study.  The 
reeul&s  obtained  .on  the  helmet  perfo  mnanee  teet  •  re  summarised  in 

Tabic  1. 


The  trend  toward  lower  masked  thresholds  at  higher  frequ©nd@ffl  is 
duo  to  greater  noise  exclusion  provided  by  ths  sarcups.  Greater 
Importance,  however,  is  placed  on  the  values  obtained  at  500,  1000,  and 
2000  He,  the  frequencies  which  are  important  for  the  reception  of  speech) 
these  frequencies  are  more  easily  masked  by  noise,  and  it  is  more  diffi¬ 
cult  to  achieve  attenuation  st  these  frequencies.  Consequently,  the  degree 
of  fit  of  the  earcupe  may  bo  noted  more  readily  by  observing  the  masked 
threshold  levels  at  the  speech  frequencies. 
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Table  I 


Moans  end  Standard  Daviatlono  In  Decibsla  of  Masked  Thro  ahold 
V&luee  Obtained  on  Helmet  Performance  Test  for 
Subjects  V'earing  the  APH-6C  Flight  Helmet 
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Data  for  individuals  with  high-frequency  hearing  loss  ware  excluded 
from  Table  I  in  order  to  obtain  numbers  that  would  represent  normally 
expected  value®.  For  such  individuals,  masked  and  unmasked  threshold 
tr&cinge  tend  to  overlap  st  the  higher  frequencies.  This  effect  is  illus¬ 
trated  In  Figure  2. 

In  this  illustration  the  upper  tracing  at  $00.  1000,  and  2u00  Hb  is 
tho  unmasked  threshold  and  the  lower  tracing  {•  of  the  masked  threshold. 
For  this  individual  the  tracings  overlap  at  3000,  4000,  and  6000  Hi.  A 
bilateral  high-frequency  heirinjp  lose  In  conjunction  with  the  ambient  noice 
levels  end  earcup  noise  exclusion  properties  at  these  frequencies  produces 
thlc  overlap.  It  ie  essential,  therefore,  that  an  unmasked  heading  threshold 
b®  obtained  prior  to  the  masked  hearing  threshold!  otherwise,  for  some 
individuals  the  obtained  values  wou’d  tend  to  indicate  that  the  helmets  were 
not  performing  well  at  higher  frequencies. 
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Figure  2 


S&mpi®  tracings  obtained  on  Helmet  Performance  Test 
fov  individual  with  high-frequency  hearing  loss. 


Of  the  42  student  flight  surgeons  who  participated  in  the  study,  16 
failod  to  meet  the  70-dB  criterion  level*  A  viaual  inspection  of  the  htlmot 
fit  on  these  Individuals  revealed  air  gapa  between  the  aeal  of  the  earcup 
and  the  head,  ranging  from  one -eighth  inch  to  over  one-half  inch.  Those 
individual*  who  appeared  to  have  a  email  air  gap  were  advieed  to  install 
either  one  or  two  thin  foam  spacer  a  between  the  earcupa  and  the  helmet 
shell.  Five  of  the  16  subjects ,  howaver,  were  advised  to  exchange  their 
large-alte  helmets  for  madium-olat  heime'.s,  At  a  latar  test  session, 
after  the  subjects  had  refitted  their  helmets,  n  second  test  was  administered. 

The  values  obtained  during  two  teat  sessions  for  this  group  of  16  men 
are  shown  in  Table  II.  The  moan  differences  between  the  two  teats 
represent  the  improvement  attributable  to  a  better  fit  between  the  earcups 
and  the  head. 
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From  -an  elimination  of  thee®  d&t&  it  appaiu-H  that  a  slight  air  gap 
around  tho  oar  can  causa-  a  dramatic  change  in  th©  noise  level  underneath 
tho  earcup,  requiring  c,  groator  ul^nal  level  to  th©  earphones  in  order  to 
achisvo  the  canto  slgnal-to-noise  r&liu  a*  the  ear. 


Table  U 

Ma©n  hl&h'koa  Throshold  Level®  Obtain©**  from  16  Subject® 
Wearing  th<>  APH-6C  Flight  Helmet  During  Tv?o  Tuat  Sieolona 
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Second  test  wee  given  after  subjects  had  altered  or  ewenangod  their 

helmet  >. 


In  addition  to  obi  lining  masked  end  unmag  bed  three  ho  Id  data  lor  tha 
APH-CC  flight  helmet,  marked  threshold  data  were  obtained  for  varying 
numbers  of  eubjeete  for  each  of  five  other  flight  helmet®  currently  in  use 
by  tho  Navy.  Those  data  were  obtained  In  order  to  provide  guidelines  as 
to  what  masked  threshold  levels  might  bo  expected  for  the  various  helmets. 
The  obtained  value*  for  each  of  the  helmets,  ineluding  tho  APtMC,  are 
shown  in  Table  MI. 

While  it  1®  not  surprising,  it  is  Interesting  and  encouraging  to  nolo 
that  the  two  beet  Navy  helmets,  the  APH-6C  and  the  8PH«}A,  *how 
masked  threshold  level®  that  art  lower  than  levels  obtained  fc.  the  other 
four  helmet®.  The  APH-6C  (©one*  equipped)  and  tho  8PH-  *13  (with  e&rcups 
almost  identical  to  those  of  tho  APH*6C)  are  current  clate-of-tho-art 
helmets,  and  represent  a  significant  improvement  uver  their  predecessor®, 
The  lower  masked  thresholds  obtained  for  the  two  helmets  indicate  that 
some  form  of  masked  threshold  test  could  be  helpful  in  evaluating  th-s  over¬ 
all  acoustical  performance  of  flight  helmet®. 
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Table  III 


M&sn  Masked  ThnQsh£sl<i  Value*  In  Daclb©ls  fas*  @!»  Navy 
Helmets  Obi&«,n©d  ^ifch  Mrlmsi  P*r/ormanf8  Test 
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^SfficiHoS'T^neiets  of  application  of  sealant  arming  tba  ps*?iph@ry  of 
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A  nsisa  source  and  an  •wtorwMfc  recording  audiometer  provide  an 
efficient  memis  of  date? mining  tbs  optimal  fit  ni  flight  helmets.  Tha  noli® 
BC,irre  alleys  on®  to  deter*  *ov  acoustical  tenfeags  ermmd  his  *sr*  so  that 
a  taller  fit  can  effected,  Masked  hearing  threshold  levels  obtained 
through  the  helmet 'e  earplume*  can  ta  umparad  with  mashed  threshold 
value*  niHiiiMtJ  for  Hurt  particular  helmet.  Hm-li  *  .iro.edur*  would  appear 
feaaible  for  effective  implnmrntalioii  at  Hw  squadron  or  alrgrutip  levnl. 
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